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Successful Vim targeting for mixed essential
and parkinsonian tremor using
intraoperative MRI
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Deep brain stimulation (DBS) of the ventral intermediate nucleus of
the thalamus (Vim) is a well-established method for refractory essential
(ET) and parkinsonian tremor [1,2]. Surgical targeting is generally indirect, based upon the locations of the anterior and posterior commissures
and the lateral aspect of the 3rd ventricle. Intraoperative electrophysiological conﬁrmation has been felt to be a necessary adjunct for effective
electrode placement. However, there are patients, who, for a variety of
reasons, cannot tolerate awake DBS surgery. Intraoperative high ﬁeld
MRI (iMRI), using The Clearpoint® system (MRI Interventions, Memphis, TN), has recently been used in Parkinson patients under general
anesthesia with considerable efﬁcacy [3], mainly for the subthalamic
nucleus (STN) and, less commonly, for the globus pallidus internus
(GPi). Starr et al. [4] used the same system with excellent accuracy
and precision for pallidal stimulation in patients with pediatric dystonia.
Both STN and GPi are well visualized using conventional MRI sequences
whereas Vim has remained elusive using standard MRI protocols.
Spiegelmann et al. ﬁrst described direct Vim targeting using 3 T MRI
and a proton density sequence [5]. In that sequence, Vim is delineated
as a hypointense band in the anterior ﬁrst third of the thalamus
(Fig. 1). In a series of 20 patients with ET or PD related tremor Vassal
et al. [6] achieved excellent tremor suppression using 1.5 T and a
white matter attenuated inversion recovery sequence (WAIR). The
lower border of the Vim as depicted on WAIR images was then probed
with microelectrode recording with only a small standard error. However results using real time, intraoperative methods have not yet been
systematically published.
We present a case of a 70 year old patient with mixed essential
tremor and posttraumatic, partially levodopa-responsive parkinsonism
who could not tolerate awake surgery due to his chronic, severe back
pain. Dopamine transporter imaging had demonstrated presynaptic
nigrostriatal dysfunction. Having failed optimal medical therapy, including levodopa, amantadine, pramipexole, rasagiline, primidone,
propranolol, topiramate and methazolamide, all of which either
brought on side effects or had no effect on the tremor, it was elected
to place his bilateral Vim electrodes under general anesthesia with
iMRI. We elected to perform additional imaging studies to attempt to
reﬁne the electrode placement from traditional indirect targeting
methods based upon the locations of the anterior and posterior commissures. Preoperative images from a 3 T MRI were merged with intraoperative ones obtained from a 1.5 T scanner using the ClearPoint®
software (MRI Interventions, Memphis, TN) for targeting. Implantation
was performed under general anesthesia with a single pass on either

side. Target coordinates in mm relative to the posterior commissure
(in parentheses using the traditional indirect Guiot's method) for the
Right Vim: Lateral to the 3rd ventricular wall 9.8 (11.5), Anterior 7.1
(4.5–6.7), Superior 1.1 (0), Left Vim: Lateral to the 3rd ventricular
wall 11 (11.5), Anterior 6.7 (4.5–6.7), Superior 0.9 (0). The Euclidean
distance between the indirect and Spiegelmann targets was 2.5 mm
on the right and 1.5 mm on the left. Open label assessment of rest
and postural tremor using sub-items 20 and 21 of the Uniﬁed
Parkinson's Disease Rating Scale was compared before and 8 months
after surgery. There was a 72% improvement (from 18/28 to 5/28 in
the motor UPDRS, action tremor improved from a 6/8 in the bilateral
upper extremities to a 2/8) on rest and action tremor postoperatively (Videos segments 1 and 2). Final settings were for the
left Vim: 1-2-3 +, 4 V/150 mcs/130 Hz and for the right Vim:
1-2-3+, 4 V/150 mcs/130 Hz. The only side effect post- surgery was
a mild but tolerable reduction in volume of speech and speech clarity.
Thalamic DBS placement has been thought to require electrophysiologic conﬁrmation of the targeting for optimal efﬁcacy and accuracy. We
used Spiegelmann's method of direct visualization to target the Vim
without electrophysiologic conﬁrmation with robust motor outcomes,
while our target did not substantially differ from the indirectly determined based on Guiot's method. While inter-individual variability in
the location of the Vim has been described using probabilistic
tractography [7], the relationship between the directly visualized Vim
and the anterior and posterior commissures has not been investigated
in a systematic way.
Our case is unique in that we were the ﬁrst in the United States to
successfully use the ClearPoint® system to target the Vim. Burchiel
et al. [8] and more recently Mirzadeh et al. [9] using intraoperative CT
fused with pre-operative MRI achieved excellent targeting precision in
all three DBS targets for movement disorders including the Vim and
their clinical outcomes are pending.
It is not surprising that we were able to obtain good results without
electrophysiologic conﬁrmation, since this is what is standardly done
with stereotactic radiosurgical thalamotomy, generally using indirect
targeting [10]. Unfortunately, up to 20% of those undergoing stereotactic radiosurgical thalamotomy do not have signiﬁcant reduction
in their tremor [11]. The reasons for these failures and the lower
rate of tremor cessation with stereotactic radiosurgery than with radiofrequency thalamotomy or DBS are unclear. Future studies will
compare direct and indirect targeting methods and establish safety
and efﬁcacy.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jns.2015.08.1553.
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Fig. 1. Proton density axial MRI using the protocol proposed by Spiegelmann (TR =
4850 ms, TE = 21.064 ms), where the Vim is seen as a hypointense band on either side
of the third ventricle (blue arrows). Stereotactic planning was performed using iPlan®
Stereotaxy software (BRAINLAB AG, Munich, Germany).
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